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© An electronic semiconductor device, in particular a silicon-gate field-effect MOS transistor, for high 
input voltages. 
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© An electronic semiconductor device (1), in par- 
ticular a silicon-gate field-effect MOS transistor ob- 
tained from a C MOS process and adapted for high 
input voltages, comprises a so-called Well pocket (3) 
having opposite doping from that of the semiconduc- 
tor substrate (2) and inside which there are formed 
the source (4) and drain (5) zones of the transistor, 
as well as a layer (5a) with opposite doping from that 
of the Well pocket (3) and forming a side extension 
of the transistor drain (5) zone and being self-aligned 
to the gate oxide (6a) and covered with a layer of an 
isolating oxide (10). That layer (5a) is doped at a 
lower dopant concentration than that of the drain (5) 
zone, and the device (1) so made can also operate 
at significantly higher voltages than those applicable 
to other components of a circuit to which it is in- 
tegrated. 
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This invention relates to an electronic semicon- 
ductor device, in particular a silicon-gate field-effect 
MOS transistor for high input voltages, and as 
formed by a C MOS process, of a type comprising 
a semiconductor silicon substrate formed with two 
zones with like doping intended to provide the 
source and drain electrodes for said transistor and 
to delimit a channel region overlaid by an oxide 
isolating layer, commonly referred to as gate oxide, 
covered by a conductive layer intended to provide 
the gate electrode for said transistor. 

As is known, electronic semiconductor devices 
forming the so-called integrated circuit are powered 
with low voltages, on the order of a few volts. 

Such integrated circuits are sometimes intend- 
ed to control electrical apparatus operating on input 
voltages which far exceed those bearable by the 
integrated circuit itself. 

Thus, where a control integrated circuit is to be 
incorporated to an electrical apparatus, structurally 
independent electric supply circuits, or alternatively 
voltage regulating interface circuits must be pro- 
vided between the electric input to said apparatus 
and the control integrated circuit. As a result, the 
cost, as well as the design and manufacturing 
complexity, of such electrical apparatus are ag- 
gravated as a matter of course. 

To obviate such a drawback, the prior art has 
also proposed of using electronic semiconductor 
devices, in particular devices which are compatible 
with the manufacturing technologies for C MOS 
(Complementary Metal Oxide Semiconductor) type 
circuits capable of accepting high input voltages, 
thereby they can be coupled directly to the elec- 
trical apparatus they are to control. 

The basic configuration of a C MOS comprises 
a pair of field-effect MOS transistors, respectively 
p-channel and n-channel ones, which are connect- 
ed serially together to provide an inverter. Each 
MOS transistor comprises a substrate of a semi- 
conductor material wherein source and drain zones 
are formed which are consistent and similarly dop- 
ed and define a channel region overlaid by a layer 
of isolating oxide, the so-called gate oxide, covered 
by a conductive electrode effectively providing the 
gate for each transistor. 

For a better understanding of the objects of 
this invention, it would seem appropriate to observe 
here that the drain zone of a conventional MOS 
transistor is basically homogeneous. However, in 
order to have such MOS devices withstand high 
voltages, in accordance with prior art techniques, a 
so-called Weil pocket diffused at a low dopant 
concentration is formed in the semiconductor sub- 
strate using a dopant of an opposite type from the 
latter. 

More specifically, that drain zone may be view- 



ed conceptually as made up of three regions of like 
doping, namely: 

the drain proper, which consists of a layer with a 
high dopant concentration; 
5 the Well pock t, with a reduced dopant concentra- 
tion; and 

the lateral portion of the Well pocket facing toward 
the source and underlying the gate oxide of the 
transistor, this region being also doped at a low 

w concentration. 

Between the third-mentioned region and the 
drain, a so-called isolating layer wherein the con- 
centration of the dopant falls at an intermediate 
level between that of the drain and that of the Well 

75 pocket. Further, the isolating layer is covered with 
an isolating oxide layer partly overlaid by the gate 
electrode of the transistor. 

The MOS transistor just described has an iso- 
lating layer of increased thickness between the 

20 gate and the drain, and due to the reduced doping 
of the third-mentioned drain region, is subjected to 
lower strength electric fields than a homogeneous 
drain basic structure for a given voltage applied to 
the gate. 

25 Consequently, it can withstand higher voltages. 

Unfortunately, this prior approach, while sub- 
stantially serving a purpose, has two serious 
drawbacks as outlined herein below. 

The drain is not self-aligned to the gate elec- 
30 trode, which results in its occupying a larger area 
in the integrated circuit. 

In addition, utilizing the Well pocket as a drain, 
besides increasing the overall size of the device, a 
high voltage transistor can only be formed on the 
35 starting substrate, which runs contrary to the need 
for forming unrestrictedly direct couplings to elec- 
trical apparatus external of the semiconductor de- 
vice. 

The technical problem underlying this invention 
40 is to provide an electronic device, in particular a 
silicon-gate field-effect MOS transistor, as spen - 
cally formed by a C MOS process, which h3s >:ui,:~ 
structural and operational features as to enab'e 
direct connection to an external electrical apparatus 
45 operating on a high input voltage, and can over- 
come the drawbacks mentioned herein above in 
connection with the prior art. 

This problem is solved by an electronic device 
as indicated being characterized in that it corn- 
so prises a so-called Well pocket with opposite doping 
from that of said substrate wherein said drain and 
source zones are formed, and a layer with an 
opposite doping from that of said pocket forming a 
side extension of said drain zone and being self- 
55 aligned to the gate oxide, said layer being doped at 
a lower concentration than said drain zone and 
covered with an isolating oxide layer. 

The features and advantages of the semicon- 
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ductor device according to the invention will be- 
come apparent from the following detailed descrip- 
tion of an exemplary embodiment thereof, to be 
taken by way of illustration and not of limitation in 
conjunction with the accompanying drawings. 
In the drawings: 

Figure 1 is a sectional side view showing 
schematically the structure of an electronic semi- 
conductor device according to the invention; and 

Figures 2 to 4 are respective side sectional 
views showing schematically the structure of the 
device in Figure 1 at various stages of its manufac- 
turing process. 

With reference to the drawing views, the nu- 
meral 1 generally and schematically designates an 
electronic semiconductor device, in particular a p- 
channel, silicon-gate field-effect MOS transistor 
formed in accodance with this invention. 

The device 1 comprises a substrate 2 of a 
semiconductor material which is very slightly dop- 
ed with impurities of the "p" type and in which a 
so-called Weil pocket 3 is formed which has an "n" 
type doping opposite from that of the substrate. 
Hereinafter, that pocket will be referred to a n-Well. 

Formed above and within said n-Well pocket 3 
are two zones of like p-type doping, intended to 
provide the source 4 and drain 5 of the transistor l , 
as well as to delimit a so-called channel region 7 
overlaid by a layer 6a of an isolating oxide, the so- 
called gate oxide, whose thickness determines the 
conduction threshold of the transistor 1 . The layer 
6a is covered with a metallic layer 6 providing the 
gate electrode of the transistor 1 . 

Advantageously according to the invention, the 
transistor 1 further comprises a layer 5a of op- 
posite p-type doping from that of the n-Well pock- 
et. This layer 5a is formed in the transistor 1 at a 
self-aligned location to the gate oxide 6a, and is 
linked to form a side extension of a portion 5b of 
the drain 5, the latter having p-type dopant at a 
higher concentration. 

The above-mentioned layer 5a forms, there- 
fore, an extension of the portion 5b of the drain 5 
having a lower dopant concentration. Further, this 
layer 5a is covered with* an isolating layer 10 of 
silicon oxide which is partly overlaid by a portion of 
the gate electrode 6. 

Thus, the structure of the transistor 1 is asym- 
metrical, and the layer 5a, self-aligned to the gate 
oxide 6a, will be active as a low-doped extension of 
the drain 5. 

A layer 1 1 of contact with the n-Well pocket 3 
is formed laterally of the source 4. 

Advantageously, in order to insulate the transis- 
tor 1 electrically, opposedly located insulating 
zones are also provided which are doped similar to 
the n-Well pocket 3 but at a higher concentration of 
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n-type dopant. Such zones 8 are formed at the top 
peripheral margins of the n-Well pocket, laterally of 
the layer 1 1 , associated with the source 4 and the 
portion 5b of the drain 5. 

5 The insulating zones 8 are high conductivity 

ones, but their function is to raise the conduction 
threshold of parasitic transistors present in the 
structure of the transistor, thus providing what may 
be regarded to be an electrical insulation. Over- 

70 lying each zone 8 is a layer 9 of a dielectric 
material, in particular silicon oxide referred to as 
field oxide, which is interrupted at the source 4 and 
the drain 5. 

The structure of the transistor 1 is completed 
75 by a conventional top insulating layer 12 which is 
apertured at zones indicated at 13. having a pre- 
determined surface area and being located at the 
source 4, drain 5, and layer 1 1 of contact with the 
n-Well pocket. 

20 The apertures 13 in the insulating layer 12 are 

intended for electrical interlink metallic contacts 14. 
A final protective layer 15. referred to as the pas- 
sivation layer, covers the device 1 and is apertured 
at selected zones for the metallic contacts 1 4. 

25 The transistor device of this invention is formed 

using conventional procedures, quite familiar to a 
skilled one, in the manufacture of electronic semi- 
conductor devices of the C MOS type. Understand- 
ably, when such procedures are used, it becomes 

30 impossible to provide devices in accodance with 
this invention which have truly complementary 
structures from the standpoint of the type of doping 
employed. 

Accordingly, a transistor device according to 

35 the invention may be either formed as a p-channel 
or n-channel MOS transistor provided with an n- 
type or p-type Well pocket. 

With specific reference to Figure 2, there is 
shown in schematic form the device 1 of this 

40 invention at an intermediate stage of its manufac- 
turing process- The substrate 2 of a slightly doped 
semiconductor material with impurities of the p 
type, has been covered with an isolating layer 16 
which is formed with a window 17 for implanting a 

45 dopant impurity of the n type therethrough, as 
diffused by means of an appropriate heat treatment 
until the n-Well pocket 3 is formed. 

Shown in Figure 3 is a layer 1 8 of an isolating 
oxide overlying the substrate 2 and pocket 3. An 

50 additional layer, unaffected by oxidation, is applied 
over the preceding layer 18. and portions 19a and 
19b are defined therein which are effective to de- 
limit the areas intended to accommodate the active 
source, drain, and gate zones of the transistor 1. 

55 Furthermore, using a process known as insula- 

tion masking process, there are injected into the 
substrate 2 and the n-Well pocket 3 impurities of 
both the p and n types to respectively form the 
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layer 5a and p-type isolating layers, as well as th 
insulating 2ones 8 of the n type. 

The isolating layer 5a. inserted between the 
portions 19a and 19b dedicated for the active 
zones of the transistor 1, will exhibit, therefore, an 5 
opposite doping from that of the pocket 3. 

With reference to Figure 4. the outcome of a 
further step in the device 1 manufacturing process 
is shown. Over the insulating zones 8, there is 
formed an oxide, the so-called field oxide, layer 9. ;o 
and the numeral 10 designates the oxide layer 
overlying the layer 5a. 

Also shown in Figure 4 are the thin gate oxide 
layer 6a and the electrode 6 overlying it to partly 
cover the layer 10; it may be appreciated from that 75 
drawing figure that the layer 5a is self-aligned to 
the gate oxide. 

Further steps of the manufacturing process re- 
sult in the source and drain zones being defined as 
well as the remaining regions of the transistor 1, as 20 
previously discussed with reference to Figure 1 . 

Accordingly, the device of this invention solves 
the technical problem, while affording a number of 
advantages, of which an outstanding one is that the 
transistor of this invention is fully isolated from the 25 
semiconductor substrate by the provision of the n- 
Well pocket associated above with the insulating 
zones delimiting both the source and drain of the 
transistor outwardly. This affords improved pos- 
sibilities for linking to external electrical devices 30 
inasmuch as the transistor enclosed in the pocket 
can be suitably biased. 

The transistor device of this invention operates 
at the normal voltage input for ordinary MOS tran- 
sistors because its threashold voltage, which de- 35 
pends on the thickness 6a of the gate oxide, is 
unchanged relatively to the non-composite drain 
transistors forming most of the integrated circuit 
but unable to withstand other voltages. 

Advantageously, however, laboratory tests car- 40 
ried out by the Applicant have shown that this 
device can be applied a much higher voltage than 
that applicable to the devices, thereby it can be 
coupled directly to an external apparatus operating 
on a different and higher input voltage from/than 45 
the voltage an integrated circuit can withstand. 

A further advantage of the inventive device is 
its reduced surface area requirement in the in- 
tegrated circuit, along with its compatibility with 
known processes for manufacturing C MOS cir- so 
cuits. 



process, of a type comprising a semiconductor 
silicon substrate (2) formed with two zones with like 
doping intended to provide the source (4) and drain 
{5) electrodes for said transistor and to delimit a 
channel region (7) overlaid by an oxide isolating 
layer (6a>, commonly referred to as gate oxide, 
covered by a conductive layer (6) intended to pro- 
vide the gate electrode for said transistor, char- 
acterized in that it comprises a so-called Well 
pocket (3) with opposite doping from that of said 
substrate (2) wherein said drain (5) and source (4) 
zones are formed, and a layer (5a) with an opposite 
doping from that of said pocket (3) forming a side 
extension of said drain (5) zone and being self- 
aligned to the gate oxide (6a). said layer (5a) being 
doped at a lower concentration than said drain (5) 
zone and covered with an isolatihg oxide layer (10). 

2. A device according to Claim 1 . characterized 
in that said isolating oxide layer (10) overlying said 
self-aligned layer (5a) is partly covered by a por- 
tion of the gate electrode (6) 

3. A device according to Claim 1. characterized 
in that it comprises opposedly located so-called 
insulating zones (8) formed above and peripherally 
of said Well pocket (3), respectively laterally of the 
source (4) and drain (5) zones, having the sanv. 
doping as said Well pocket (3) to electrically ir> 
sulate said transistor. 

4. A device according to Claim 3. characterized 
in that said insulating zones (8) are doped at a 
higher concentration than that of said Well pocket 
(3). 



Claims 

1. An electronic semiconductor d vice (1). in 
particular a silicon-gate field-effect MOS transistor 
for high input voltages, and as formed by a C MOS 
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© An electronic semiconductor device (1). in par- 
ticular a silicon-gate field-effect MOS transistor ob- 
tained from a C MOS process and adapted for high 
input voltages, comprises a so-called Well pocket (3) 
having opposite doping from that of the semiconduc- 
tor substrate (2) and inside which there are formed 
the source (4) and drain (5) zones of the transistor, 
as well as a layer (5a) with opposite doping from that 
of the Well pocket (3) and forming a side extension 
of the transistor drain (5) zone and being self-aligned 
to the gate oxide (6a) and covered with a layer of an 
isolating oxide (10). That layer (5a) is doped at a 
lower dopant concentration than that of the drain (5) 
zone, and the device (1) so made can also operate 
at significantly higher voltages than those applicable 
to other components of a circuit to which it is in- 
tegrated. 
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